Natal dispersal, the process of moving between the natal site and the site of 1st reproduction, affects a variety of ecological and evolutionary processes. Multiple factors have been suggested to influence patterns of natal dispersal in vertebrates; sex and population density are 2 of the most frequently invoked. In mammals, males are typically expected to disperse farther or more frequently than females. In contrast, theoretical predictions about the effect of population density are less clear, and support exists for both positive and negative density-dependent dispersal. Here, I investigate the influences of sex and population density on dispersal distances and spatial genetic structure (SGS) in the brush mouse (Peromyscus boylii), using both intensive field surveys and spatial genetic autocorrelation methods. Neither density nor sex affected dispersal distances. I did detect increased genetic structure in females compared to males, a pattern consistent with male-biased dispersal. However, processes other than dispersal can generate SGS, and I suggest that in addition to sex-biased dispersal, these results also could reflect gene dispersal via mating excursions. No clear effect of population density on either dispersal distance or SGS emerged. These results highlight the importance of using multiple methodologies to investigate dispersal.
Natal dispersal is the movement of an organism between its birthplace and the location where it first reproduces. The dispersal process is complex, consisting of 3 stages: departure from the natal range, searching for a place to settle, and selecting a new range in which to live (Stamps 2001; Bowler and Benton 2005; Clobert et al. 2009 ). But why should an individual choose to strike out across an unknown landscape to find a new place to live, especially given that dispersal is risky and mortality costs can be high (Bonte et al. 2012) ? Multiple ultimate explanations for dispersal in vertebrate animals (primarily mammals and birds) have been suggested, many of which focus on how sex and population density should affect an individual's decisions about whether and how far to disperse.
Dispersal is often sex-biased in vertebrates, that is, members of one sex disperse farther or more frequently than members of the other sex. The majority of studies have detected malebiased dispersal in mammals and female-biased dispersal in birds (Greenwood 1980; Dobson 1982 Dobson , 2013 . The most frequently cited ultimate hypotheses to explain sex-biased dispersal in vertebrates include competition for mates (Dobson 1982) , competition for resources (Waser 1985) , and inbreeding avoidance (Greenwood 1980; Moore and Ali 1984) . These hypotheses are not mutually exclusive, and in many cases, dispersal probably has multiple causes (Dobson and Jones 1985; Clobert et al. 2009; Clutton-Brock and Lukas 2012) . Because reproduction by female mammals depends on environmental resources whereas male reproduction is determined by access to females (Emlen and Oring 1977) , we might expect females to remain philopatric, retaining benefits of familiar space, resources, and social interactions. Meanwhile, males would be expected to be more likely to disperse to avoid inbreeding with their philopatric female kin, to minimize competition with kin (male and female) for resources, or to minimize competition with male kin for mates (Dobson 1982 (Dobson , 2013 . Thus, it is reasonable to expect male-biased dispersal in a particular mammalian species, if only because male-biased dispersal is so prevalent in mammals in general (Handley and Perrin 2007; Clutton-Brock and Lukas 2012; Dobson 2013; Mabry et al. 2013) .
In contrast to clear patterns of sex-biased dispersal across mammals and birds, the effect of population density, which is a w w w . m a m m a l o g y . o r g 981 reasonable proxy for intraspecific competition, remains equivocal (Lambin et al. 2001; Matthysen 2005) . For example, in his review of the evidence for density-dependent dispersal in mammals and birds, Matthysen (2005) concluded that dispersal is generally positively density dependent, that is, dispersal is more frequent or dispersal distances are longer with increasing population density. However, the number of studies included in this review was small, and Matthysen (2005) acknowledges that this conclusion would have changed with inclusion of certain studies, particularly those of rodents, that he excluded from his meta-analysis because of temporal trends in population density. As with sex-biased dispersal, multiple hypotheses have been put forward to explain densitydependent dispersal. The ''competition'' hypothesis posits that dispersal should be more frequent or occur over longer distances with increasing population density, because individuals should disperse away from their natal site to reduce competition with kin and other conspecifics (Greenwood and Harvey 1982; Waser 1985) . In contrast, the ''habitat saturation'' hypothesis posits that dispersal should decrease in frequency or distance with increasing population density, because the cost of intraspecific competition at the natal site is outweighed by the risk of failing to find a new site in which to settle (Koenig and Pitelka 1981; Walters et al. 1992) . Recently, Kim et al. (2009) suggested that both positive and negative density-dependent dispersal can operate simultaneously, with individuals living in areas of both low and high population densities dispersing toward more moderate intermediate densities, an observation that could partially explain apparently contrasting effects of population density on dispersal.
Although difficult, we can directly observe dispersal by tracking or trapping individual animals (Koenig et al. 1996) . However, because dispersing animals take their genes with them when they move across the landscape, we also can draw inferences about dispersal behavior using spatially referenced genotypes. One recent approach uses spatial autocorrelation methods to detect the extent of genetic structure by examining correlations between geographic distance and genetic relatedness at increasing distance classes (i.e., Peakall et al. 2003; Double et al. 2005; Banks and Peakall 2012) . Spatial genetic structure (SGS) is particularly useful in the study of dispersal because restricted dispersal is expected to result in genetically more similar individuals living in close proximity to each other (Peakall et al. 2003; Banks and Peakall 2012) . This expected pattern allows researchers to test a priori predictions about patterns of dispersal by comparing SGS between different groups of interest. For example, within a species, if males tend to disperse over longer distances than females, then we expect to see greater SGS in females than in males. Fine-scale SGS is often evident over small spatial scales in rodents, and it can be used to detect differences in dispersal patterns between the sexes (i.e., McEachern et al. 2007; Maher 2009 ) and across varying environmental conditions (i.e., Busch et al. 2009; Messier et al. 2012) .
The objective of this study was to determine the effects of sex and population density on field-measured dispersal distances and SGS in a common generalist rodent, the brush mouse (Peromyscus boylii). The brush mouse has a breeding system typical of mammals, with polygamous-promiscuous social and genetic mating systems (Ribble and Stanley 1998; Kalcounis-Rueppell and Spoon 2009; Petric and KalcounisRueppell 2013) . Brush mice are ideal for this type of study for several reasons. These animals are abundant, reproduce quickly, and are relatively easy to trap, mark, and radiotrack; a previous study used radiotelemetry to follow individuals through the complete dispersal process from departure to settlement (Mabry and Stamps 2008) . Furthermore, both spatial and temporal variation in population density occurs over scales relevant to the typical home range and life span of a brush mouse (Wojan 2014; K. E. Mabry, in litt.) . Estimates of brush mouse home-range area are highly variable, 0.05-0.47 ha, and reports sometimes conflict regarding patterns of differential space use between sexes (reviewed by Kalcounis-Rueppell and Spoon 2009). However, most workers using radiotelemetry methods report that home-range areas cover 0.11-0.15 ha, and that home ranges of male brush mice overlap home ranges of multiple females, with little or no home-range overlap among females (Ribble and Stanley 1998; Kalcounis-Rueppell and Spoon 2009; Petric and Kalcounis-Rueppell 2013) . Finally, population genetic analyses for this species are facilitated by the availability of a set of 500 microsatellite markers developed for other Peromyscus species (Weber et al. 2010) .
I expected to find shorter dispersal distances and greater SGS in female than male mice, because most mammalian species exhibit male-biased dispersal. The predicted effect of population density is less clear, because studies of density-dependent dispersal in small mammals have produced contrasting results (Lambin et al. 2001; Matthysen 2005 ). An observation of longer dispersal distances and reduced SGS at high population density would be consistent with positively density-dependent dispersal and the ''competition'' hypothesis (Greenwood and Harvey 1982; Waser 1985) , whereas shorter dispersal distances and greater SGS at high population density would be consistent with negatively density-dependent dispersal and the ''habitat saturation'' hypothesis (Koenig and Pitelka 1981; Walters et al. 1992) . I trapped brush mice on three 0.8-ha study sites, each of which consisted of a 4 3 6 grid with 15 m between grid points (Fig. 1) . I recorded the Universal Transverse Mercator (UTM) coordinates of each grid point using a Trimble GeoExplorer handheld global positioning system unit (Trimble, Sunnyvale, California). Each trap grid spanned a boundary between 2 distinct habitat types (oak woodland and chamise chaparral).
MATERIALS AND METHODS
Although individual mice tend to preferentially utilize one habitat type or the other, animals can and do move across the boundary between habitat types (Mabry and Stamps 2008) . Two LFA Sherman live traps (7.62 3 8.89 3 22.86 cm; H. B. Sherman Traps, Tallahassee, Florida) were placed at each grid point, for a total of 48 traps/grid. Traps were baited with millet, set shortly before sunset, and checked shortly after sunrise the next morning. Upon capture, every animal received an individually numbered ear tag (1005-1 Monel tags; National Band and Tag, Newport, Kentucky) in each ear, and I collected a tissue sample using a 2-mm ear punch (Stoelting, Wood Dale, Illinois). Tissue samples were either preserved in 95% ethanol followed by temporary storage at À208C, or directly frozen at À208C without ethanol. Upon return from the field, samples were stored at À808C until processing. Every animal was identified to species, and I recorded sex, mass, reproductive condition, and capture location before releasing the animal at the site of capture.
Estimating relative population density.-I estimated adult population density during the summers of 2004 -2006 and 2010 using the minimum number known alive method. Only adults ! 20 g in body mass were included in the minimum number known alive estimate for each grid. I took the average minimum number known alive on each grid for May-August and divided it by 0.8 ha (the area of each trap grid) to estimate density. I did not calculate population density for 4 summers because of either irregular (2003) Dispersal distances.-I calculated dispersal distance for each individual as the Euclidean distance between the coordinates of the trap station at which a juvenile was 1st captured and the coordinates of the trap station at which that animal was 1st captured as an adult. Only animals with body mass 17 g at 1st capture were included in this analysis. Animals were considered adults at a body mass of ! 20 g or completion of the postjuvenal molt, following Mabry and Stamps (2008) . Mean body mass of adult brush mice at Quail Ridge is~25.5 g (females were excluded from this calculation to avoid biasing masses due to undetected pregnancy; there is no evidence of sexual dimorphism in this species [KalcounisRueppell and Spoon 2009]), but adult body mass ranges widely, from 20 g to . 35 g for some large males and pregnant females (K. E. Mabry, in litt.).
The spatial scale of the trapping grids I used should be sufficient to detect most brush mouse dispersal events. Radiotracking of dispersal movements of juveniles in this population suggests that 95% of dispersal events are , 60 m, with an average dispersal distance of~19 m (Mabry and Stamps 2008) . The maximum dispersal distance detectable within a single trap grid was~75 m, although animals moved infrequently between 2 study grids that were~150 m apart. Although I likely failed to detect dispersal events by animals that moved beyond the boundaries of the study grids (Koenig et al. 1996) , I do not suspect that off-grid movements were biased toward either sex because there was no difference in the proportions of juvenile males and females that were recaptured as adults (see ''Results''). I categorized each detected dispersal event as having occurred at high or low population density (see ''Results''); all dispersal events occurring outside of the periods noted as high density (see below) were categorized as having occurred at low density. This approach is justified because population density was substantially higher across the entire study area during 2005 and 2011 than at any other time during the study (K. E. Mabry, in litt.). Effects of sex and density on dispersal distances were analyzed using generalized linear models with an exponential distribution in R (R Development Core Team 2013), with an alpha level of 0.05. Mean dispersal distances are reported 6 1 SE.
Microsatellite genotyping.-I successfully genotyped 812 of the 1,032 brush mice livetrapped during this study. Genotypes were not available for all individuals either because I did not obtain tissue samples from all individuals, or because microsatellites did not amplify for some samples. Subsets of these genotypes were used in genetic parentage analysis and analysis of SGS, as described below. I extracted total genomic DNA from each tissue sample using Qiagen DNeasy Blood and Tissue kits (Qiagen, Valencia, California). Samples were then genotyped at 10 microsatellite loci developed for other species of Peromyscus (Weber et al. 2010) and that cross-amplify for P. boylii (Table 1 ). All loci had either a tri-or tetranucleotide repeat motif. Polymerase chain reaction amplifications were performed on a Bio-Rad C1000 thermalcycler (Bio-Rad Laboratories, Inc., Hercules, California), and polymerase chain reaction conditions were modified from those used by Weber et al. (2010) : I used a 12.5-ll reaction volume (10 mM 10x AmpliTaq Gold buffer, 25.0 lg/ml bovine serum albumin, 2 mM MgCl 2 , 0.15 mM deoxynucleoside triphosphates, 0.5 mM of each primer [forward primer fluorescently labeled], 0.5 units of AmpliTaq Gold DNA polymerase [Applied Biosystems, Foster City, California] , and 1 ll of template DNA [10-20 ng/ll concentration]). Polymerase chain reaction cycles included an initial denaturation step at 958C for 9 min followed by 40 cycles of 958C for 30 s, a locus-specific annealing temperature (Table 1) for 30 s, and 728C for 30 s, then a final extension step at 728C for 5 min. After polymerase chain reaction amplification in individual reactions for each locus, fluorescently labeled polymerase chain reaction products for 3 or 4 loci were combined with LIZ 500 size standard for Weber et al. (2010) . n is the number of animals genotyped at a locus (out of 812 genotyped), and n a is the number of unique alleles detected at that locus. H O is observed heterozygosity at a locus, and H E is expected heterozygosity. T a is the annealing temperature used in polymerase chain reaction amplifications. Loci that are underlined were identified as having a high proportion of null alleles, and were not used in any genetic analysis. fragment analysis. Fragment analysis was conducted on an ABI 3100 sequencer (Applied Biosystems), and alleles scored using GeneMapper software (Applied Biosystems). Genetic parentage analysis.-To obtain additional insight into interactions among adults and geographic distances between genetic mates, I conducted genetic parentage analysis to identify pairs of individuals that successfully produced offspring. Of 207 livetrapped juveniles, 176 had sufficient genotypic information to proceed with genetic parentage analysis. I included as candidate parents all individuals captured at a mass of ! 24 g on the same study grid as a juvenile, during the 3 months prior to the 1st capture of that juvenile. Although 20 g is an adult mass for these animals, individuals do not typically reproduce until achieving a greater body mass (K. E. Mabry, in litt.), so I eliminated animals weighing , 24 g from consideration as candidate parents. I used the ''parent pair'' option in CERVUS 3.0 (Kalinowski et al. 2007 ) to identify the most likely parents of individuals captured as juveniles. CERVUS identified 2 loci as having a high proportion of null alleles (Pmbw_5334 and Pmbw_5411); these loci were eliminated from parentage analysis. I ran 10,000 simulations, each assuming 11 candidate parents of each sex, 80% of parents were sampled, 90% of loci were typed, and a 1% genotyping error rate. I included in the parentage analysis animals that were genotyped for at least 6 loci, and I accepted parentage assignments made at the 80% confidence level. After parentage assignment was complete, I calculated the Euclidean distance between the activity centers of parents, calculated as the weighted mean coordinates of all locations at which parents had been trapped as adults. Because some parents sired multiple offspring together (in either the same or different litters), I included only unique parent pairs in this analysis. I compared the distance between genetic parents during periods of high and low population density using a t-test with an alpha level of 0.05 in PASW Statistics 18 (SPSS Inc. 2009 ). Mean dispersal distances are reported 6 1 SE. Finally, I calculated maximum-likelihood estimates of pairwise relatedness between individuals who produced offspring together using the program ML-RELATE (Kalinowksi et al. 2006) .
Analysis of SGS.-I limited my analysis of SGS to animals alive on the study grids during the summers of 2004-2006 and 2010-2012 . During those years, population size and sampling effort were both sufficient to allow for analysis of genetic structure, and trapping effort was approximately equal among years (9 or 10 nights of trapping/summer, for a total of 7,920 trap nights across all sites and years combined).
I only used genotypes from adults, to avoid biasing spatial autocorrelation analyses due to close proximity between mothers and juveniles. Individuals captured in multiple years were only included in the analysis for the 1st year during which they were captured. Before further analysis, adult genotypes for each year-grid combination were checked for deviation from Hardy-Weinberg equilibrium and for linkage disequilibrium using GENEPop 4.2 (Rousset 2008 ).
Four of the 10 loci were eliminated from analysis due to either low allelic diversity (Pmbw_5411), significant deviation from Hardy-Weinberg equilibrium during multiple year-grid combinations (Pmbw_5334), or evidence of linkage disequilibrium with 2 or more other loci (Pmbw_5441 and Pmbw_429). There also was some indication of linkage disequilibrium between Pmbw_410 and Pmbw_633, but because linkage disequilibrium issues with these loci were less widespread, I retained these loci to maintain a reasonable number of loci for analysis. All autocorrelation analyses were performed using genotypes at the remaining 6 loci for the 349 adult mice that were alive during 1 of the 6 focal summers and for which genotypic data were available.
I conducted spatial genetic autocorrelation analyses using the Multiple Dclass option in GenAlEx 6.5 (Peakall and Smouse 2012) . Each grid-year combination was considered a population, essentially replicating the study across both space and time (following Busch et al. 2009 ). Although there were a total of 18 year-grid combinations, 1 site (grid 1 during 2012) did not have enough animals captured to allow for analysis of SGS. I conducted separate analyses for males versus females pooled across densities and for individuals of both sexes during high-and low-density years. SGS analysis was conducted to a distance of 50 m, with 10-m bins (results were qualitatively similar to those obtained when 5-m bins were used). Although this spatial scale may seem small, the extent of SGS is 40 m in all cases, indicating that the spatial scale of this analysis is sufficient (see ''Results'' below). Statistical significance of SGS was assessed following the recommendations of Peakall et al. (2003) : to be considered evidence of significant genetic structure, rc must both exceed the 95% confidence interval (95% CI) around the null hypothesis of no genetic structure, and the lower bounds of the 95% CI of rc must exceed 0.
RESULTS
To date,~30,000 trap nights have resulted in 5,149 captures of 1,032 individual brush mice. Of these individuals, 207 were initially captured as juveniles, and 57 of those juveniles were subsequently captured as adults. The sex ratio of juveniles that were recaptured as adults (27 ?:30 /) did not differ from the sex ratio of all animals that were initially trapped as juveniles (97 ?:110 /; chi-square test, v 2 ¼ 0.01, P ¼ 0.92). Population density.-Population density varied 5-fold between the highest and lowest density: from 5 adult mice/ha (2012: grid 1) to 25 adult mice/ha (2011: grid 2). Although the distribution of densities between these 2 extremes was fairly continuous, there was an apparent breakpoint at 12 mice/ha: 10 year-grid combinations had densities , 11 mice/ha, and 8 had densities . 13 mice/ha (Fig. 2) . To enable comparisons of SGS at different densities, I categorized populations as either high (. 13 mice/ha, n ¼ 8) or low (, 11 mice/ha, n ¼ 10) density. During 2005 and 2011, density was categorized as high on all study grids. Grid 2 typically had higher population density than the other sites, and it also was categorized as high density in 2004 and 2010 (Fig. 2) . For consistency among analyses, I used the same density categorizations in all statistical tests.
Dispersal distances.-Most animals dispersed within the study grid where they were originally captured, but 1 individual moved between 2 trapping grids that were~150 m apart. This between-grid disperser was not included in further analysis. Dispersal distances were not affected by either sex or population density (generalized linear model: sex, Z ¼ 0.41, P ¼ 0.69, density, Z ¼ À1.24, P ¼ 0.24; a nonsignificant density*sex interaction was dropped from the model).
Although not statistically significant, dispersal distances tended to be shorter when population density was high (females: 13.58 6 2.9 m, n ¼ 17; males: 11.89 6 2.3 m, n ¼ 19) than when density was low (females: 18.69 6 3.48 m, n ¼ 12; males: 17.19 6 4.9 m, n ¼ 8; Fig. 3) .
Geographic distance and pairwise relatedness between genetic parents.-I successfully identified genetic parents for 101 (57%) of 176 juveniles at the 80% confidence level; these offspring were produced by 72 unique parent pairs. Population density had no effect on the distance between adults that produced offspring together (t-test, t 1,70 ¼ 0.01, P ¼ 0.99). At low density, mean distance between parents was 19.17 6 3.33 m (n ¼ 27), and at high density, mean distance was 19.21 6 2.42 m (n ¼ 45). Mean pairwise relatedness (r) between unique pairs of genetic parents was 0.13 6 0.02 (n ¼ 72), with a median of r ¼ 0.06. r between most pairs of parents (49 [68%] of 72) was consistent with either a lack of relatedness between parents or relatedness at or below the level of 1st cousins (expected r for 1st cousins is 0.125). However, 9 parent pairs (12.5%) exhibited coefficients of relatedness consistent with mating between full siblings or parents and offspring (expected r ¼ 0.5).
Spatial genetic structure.-Sex affected SGS, with a greater extent of SGS in females than males. SGS was present in all distance classes to 30 m in females (Fig. 4a) , but it was present only in the 0-to 20-m distance class for males (Fig. 4b) . Furthermore, the correlation coefficient rc was typically greater for females than for males (Fig. 4a) , a pattern that was especially evident in the shortest distance class (0-10 m).
Population density did not appear to strongly affect SGS, although the maximum extent of SGS was greater at low population density. Significant SGS extended to 30 m at high population density, but at low density, significant SGS was detected in all distance classes to 40 m, other than the 0-to 10-m distance class (Figs. 4c and 4d) . Relatively low numbers of pairwise comparisons in the 0-to 10-m distance class may have resulted in large confidence intervals around the estimate of rc in the 0-to 10-m distance class for males and at low population density (Figs. 4b and 4d ).
DISCUSSION
The prediction that dispersal distances would be greater for male than female brush mice was supported by greater SGS in females than males, as would be generated by shorter female dispersal distances. However, direct estimates of dispersal distances from livetrapping were inconsistent with male-biased dispersal: male and female dispersal distances did not differ. Males could be more likely than females to disperse beyond the boundaries of the trapping grids, and therefore dispersal events by males would be less likely to be detected than dispersal events by females. This is unlikely to be the case because juvenile sex ratio did not differ from the sex ratio of juveniles retrapped as adults.
My livetrapping results are consistent with a lack of sexbiased dispersal in another well-studied population of P. boylii at the Hastings Natural History Reservation in Monterey County, California (M. C. Kalcounis-Rueppell, University of North Carolina, Greensboro, pers. comm.), suggesting that this pattern may not be unusual for the species. Further, patterns of sex-biased dispersal appear to be variable in the genus Peromyscus, although published estimates of dispersal distances for males and females are available for only 4 species of Peromyscus and most research on dispersal in Peromyscus has been conducted with just 2 species: the white-footed deermouse (P. leucopus) and the North American deermouse (P. maniculatus-reviewed by Stickel 1968; Wolff 1989 ). In the promiscuous species P. leucopus and P. maniculatus, dispersal is often male-biased (Howard 1949; Goundie and Vessey 1986; Wolff et al. 1988; Wolff 1989) , although exceptions have been documented. For example, Keane (1990b) found that male dispersal distances were not significantly longer than female dispersal distances in P. leucopus. In the monogamous California deermouse (P. californicus), dispersal is female-biased (Ribble 1992) . However, in the monogamous oldfield deermouse (P. polionotus), there is no significant difference in dispersal distances between males and females (Swilling and Wooten 2002) . Taken together, these results are not completely consistent with the expected association between male-biased dispersal and promiscuous-polygynous mating systems (Greenwood 1980; Dobson 1982) . However, given that there does not seem to be a consistent pattern of male-biased dispersal in polygynous species across mammals more broadly (Mabry et al. 2013 ), a similar lack of pattern within Peromyscus is not surprising.
Why might male SGS be less than that observed for females, if dispersal distances do not differ between the sexes in brush mice? As mentioned above, one possibility is undetected longdistance dispersal events by males. However, in addition to dispersal, social (such as living in kin groups) and mating (such as extra-pair copulations) behaviors also influence patterns of SGS (Double et al. 2005) . Rather than settling physically farther away from their natal site than females, males might travel longer distances to mate and sire offspring with distant females. This possibility is consistent with my observation that on average, the geographic distance between genetic mates was similar to or even greater than mean dispersal distance in this brush mouse population-regardless of population density, average distance between genetic mates was~19 m. Furthermore, such ''mating excursions'' have been observed in other mammals. For example, in banner-tailed kangaroo rats (Dipodomys spectabilis), the distance between mounds belonging to individuals that produced offspring together was greater than dispersal distance per se. Rather than mating with neighbors, animals traveled to mate with individuals inhabiting distant mounds (Winters and Waser 2003) . Similarly, in Spix's disk-winged bat (Thyroptera tricolor), a species in which both sexes are philopatric, females had greater genetic structure than did males, which is consistent with male-biased dispersal (Buchalski et al. 2014) . However, gene flow in this species was driven by mating among individuals living in distant social groups (Buchalski et al. 2014 ). Thus, even in the absence of permanent relocation of the home range, mating excursions by either sex obscure patterns of SGS expected from sex-biased dispersal (Double et al. 2005) .
Although this study was not designed to investigate the role of dispersal in the avoidance of inbreeding, insights can be gained from examination of pairwise relatedness between individuals who produced offspring together. Peromyscus can recognize kin (Grau 1982) , and Keane (1990a) documented that although mating with close relatives (full-or half-siblings) resulted in significant inbreeding depression in P. leucopus, there was no difference in reproductive success between individuals who mated with cousins and those who mated with nonrelatives. Further, estrous females preferred the odor of cousins to the odors of males that were either more closely related or completely unrelated (Keane 1990a) . Keane (1990a) interpreted these results as support for a preference for mating with cousins to reduce the costs of both inbreeding and outbreeding. The mean r between mates in the current study (0.13 6 0.02) is extremely close to expected r between cousins (0.125), potentially indicating that similar mating preferences may exist in P. boylii. Keane (1990b) also determined that females who mated with closer males had higher reproductive success than those who mated with males who lived farther away. Keane suggested that some amount of inbreeding may not be seriously detrimental to wild Peromyscus (Keane 1990a (Keane , 1990b , an expectation that has been supported by theory (Lehmann and Perrin 2003) . I documented 9 instances of potential mating between full siblings or parents and offspring. Such incestuous matings also have been observed in other Peromyscus: Ribble (1991) documented a mating between full siblings in P. californicus, and Wolff et al. (1988) found that 3 of 135 matings in P. leucopus were between close relatives.
Unfortunately, the evidence that population density influences dispersal distances in brush mice remains somewhat equivocal, and I am unable to differentiate between the habitat saturation and competition hypotheses. Very little is known about the effects of population density on dispersal in Peromyscus. Although Anderson and Meikle (2010) found that P. leucopus was more likely to emigrate from habitat patches when density was high, to my knowledge, no one has yet quantified the effects of population density on dispersal distances in Peromyscus. I observed a pattern of shorter dispersal distances at high population density, but this result was not statistically significant. In addition, observed patterns of SGS in relation to population density were in the opposite direction of expectations in the case of negative densitydependent dispersal: if anything, the extent of SGS was greater at low population density (40 m at low density versus 30 m at high density [ Figs. 4c and 4d] ). Recent work on the influence of spatial variation in population density on settlement decisions by brush mice may help to clarify this pattern. Using a spatially explicit capture-recapture model to estimate population density across space, Wojan (2014) found that dispersing brush mice tended to settle in areas where population density was higher than density at their natal site, even after accounting for population density changes across the landscape. This pattern was especially evident during population declines; when density was generally decreasing across the landscape, mice tended to settle in areas where declines in density were less extreme (Wojan 2014) . Thus, rather than population density influencing dispersal distance per se, settlement decisions may be influenced by the presence of conspecifics (i.e., Stamps 1987) . Because there is no a priori reason to expect that areas of higher population density would be closer to or farther away from an individual's birthplace, such preferences for settling near conspecifics might obscure an influence of population density on dispersal distance.
The sometimes conflicting results of this study and others highlight the importance of utilizing multiple lines of evidence when inferring animal dispersal patterns (Mossman and Waser 1999; Winters and Waser 2003; Double et al. 2005) , especially for species that are small and secretive, and in which dispersal events are difficult to observe directly. Livetrapping or resighting methods do not distinguish death from dispersal outside the study area (Zeng and Brown 1987) , and dispersal events can be missed when animals disperse beyond the bounds of a study area (Koenig et al. 1996) . In addition, other processes (such as mating excursions) may generate patterns of SGS that are similar to those that would be generated by sexbiased dispersal. Direct tracking of dispersing individuals is the best option for accurately determining dispersal distances. Fortunately, advances in tracking technology such as smaller and lighter radiotransmitters (very-high-frequency [VHF] ) and global positioning system transmitters and automated tracking systems facilitate intensive tracking of movements of individual animals (reviewed by Krause et al. 2013 ) and should help to resolve outstanding questions about dispersal behavior in free-living animals. A combination of multiple methodologies (trapping, tracking, and molecular genetics) is likely to be the most powerful approach to understanding dispersal behavior of free-living vertebrates.
RESUMEN
Dispersión natal, el proceso de traslado entre el sitio de nacimiento y el sitio de la primera reproducción, afecta una variedad de procesos ecológicos y evolutivos. Se han sugerido múltiples factores que pueden influenciar los patrones de dispersión natal en vertebrados; el sexo y la densidad de la población son los 2 factores más frecuentemente invocados. En los mamíferos, típicamente se espera que los machos se dispersen más lejos y más frecuentemente que las hembras. En contraste, las predicciones teóricas acerca del efecto de la densidad poblacional no son tan claras, y existe apoyo para ambas formas de dispersión dependiente de la densidad, positiva y negativa. Aquí, investigo la influencia del sexo y la densidad poblacional en las distancias de dispersión y la estructura genética espacial en el ratón de maleza (Peromyscus boylii), usando estudios de campo intensivos y métodos de auto correlación genética. Ni la densidad ni el sexo afectaron la distancia de dispersión. Detecté una elevada estructura genética de las hembras comparada con la de los machos, un patrón consistente con la expectación típica de la dispersión masculina. Sin embargo, procesos diferentes a la dispersión pueden generar estructura genética espacial, y yo sugiero que además a la dispersión sesgada por sexo, los resultados también pueden reflejar dispersión de genes a través de excursiones de apareamiento. No se apreciaron efectos de la densidad poblacional en la distancia de dispersión o en la estructura genética espacial. Estos resultados demuestran la importancia del uso de múltiples métodos para investigación la dispersión.
